ABSTRACT: Stayability to consecutive calvings was selected as a measure of cow longevity in the Canadian Simmental population. Calving performance data on 188,579 cows and culling information from the Total Herd Reporting System were used to determine whether a cow stayed in a herd for her second and later (up to the eighth) calvings, given that she had calved as 2 yr old. Binary records (n = 1,164,319) were analyzed with animal linear and threshold models including fixed effects of year of birth by season of birth by parity number and age of cow at first calving by parity number and random effects of contemporary group (CG) defined as herd of birth within year by season, animal additive genetic effect, and a cow permanent environmental (PE) effect. All random effects were Legendre polynomial regressions of the same order, defined on the scale from second to the eighth calving. Bayesian methods with Gibbs sampling were used to estimate covariance components and genetic parameters for random effects of models and selected variables on the longitudinal scale. Bayes factors and analyses of mean squared error and correlation between observed and predicted observations indicated that the linear model with regressions of order 3 was most plausible for generating the current data compared with a fixed regression and other random regression (both linear and threshold) models of order up to 4. Estimates of variances for all random effects from the best fitting model changed with the calving number. Estimates of heritability decreased in time: from 0.35 (SD = 0.006) for stayability to second calving to 0.13 (SD = 0.004) for stayability to the eighth calving. Variance due to PE effect constituted the largest part of the total variance of stayability for all longitudinal points followed by genetic and CG components. Genetic effects of stayability to different calvings were relatively highly correlated, from 0.62 (SD = 0.011) to 0.99 (SD = 0.001), and correlation decreased with the time span between calvings. Correlations for PE and CG effects showed similar trends. Animal genetic effect seemed to be less variable on the longitudinal scale compared with other random effects of the model. The first 2 principal components explained from 95% (PE effects) to 99% (genetic effect) of the total variance. The overall level of genetic stayability curve correlated well (from 0.87 to 0.99, with SD < 0.006) with genetic stayability to different calvings and therefore could be used as a single criterion in selection for stayability.
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INTRODUCTION
Stayability is the measure of whether or not an animal remains and produces in the herd until a specified point in time. Equivalent concepts include longevity or herd life, defined as a length of time during which an animal is able to stay producing in the herd, and survival, describing whether or not an animal survived to a certain endpoint or within a certain time interval. Longevity and herd life are continuous measures whereas stayability and survival are binary variables (0 or 1).
Stayability is a trait with significant economic value. Cows that are able to stay and produce longer affect beef herd productivity through a decreased need and cost for replacement, less calving difficulty, more sale offspring with heavier weights, and greater average weaning weight (Garrick, 2006) . Stayability in beef cattle is traditionally defined as a probability that a cow remains in the herd until 6 yr of age given she has calved once (Brigham et al., 2007) . The main problem with such defined stayability is that a female must reach a defined benchmark of 6 yr to obtain a phenotype for the trait. The sire of such a female will be at least 8 yr old resulting in low accuracy of genetic evaluation for younger bulls. This lag between accurate prediction of stayability and the need for young replacement sires has received criticism (Hudson and Van Vleck, 1981) . Stayability EPD based on survival to 6 yr of age are being generated for Red Angus, Limousin, and Simmental bulls in the United States (Garrick, 2011) . Martinez et al. (2005) considered 3 different approaches to defining beef cattle stayability: stayability to a specific age (whether a cow survived to a specific age given she was in the herd as 2 yr old), stayability to calving (whether a cow has a second, or later, calf given she had a calf as a 2 yr old), and stayability to weaning (whether a cow weans a second, or later, calf given she weaned the first calf). In general, stayability to a specific age is an indicator of overall soundness of a cow, stayability to calving measures the ability to recover and rebreed after the first and subsequent parturitions, and stayability to weaning is an indicator of the ability of a cow to recover and rebreed after having and weaning a calf. Martinez et al. (2005) concluded that selection for stayability to calving or weaning would be more accurate than selection for stayability to a specific age, due to greater estimates of heritability for that trait. Brigham et al. (2007) estimated correlations among EPD for sires at different age definition for stayability (from 3 to 6 yr) ranging from 0.18 to 0.47. This would indicate that genetic merit of bulls changes depending on the age definition for stayability. Earlier measures of stayability, however, could serve as indicator traits of stayability to 6 yr (Martinez et al., 2005) . Different statistical models have been used to analyze stayability. Proportional hazard (PH) model is adopted by major population for stayability in dairy cattle. It estimates the probability that a cow will survive to time t given that she has survived to time t -1, and Weibull function is usually used for modeling the baseline hazard (Ducrocq et al., 1988) . Implementations are restricted to single-trait sire models and only 1 genetic effect is fitted for each animal during its whole lifetime. This model accounts for censoring and allows for inclusion of time-dependent environmental effects.
Linear or binary threshold models can be used for stayability to certain endpoints or within time intervals. Multiple-trait (MT) models allow for simultaneous analysis of several stayability traits (i.e., stayability to different time points as correlated traits). Censored records are either not included or treated as missing for MT models.
Random regression (RR) model is a longitudinal generalization of the MT model. Binary observations can be assigned to each discrete time in the lifetime of the cow and EPD for stayability can be generated for each point on the trajectory. Time-dependent environmental effects are easy to implement in the RR model, and methodology for binary RR model have been developed (Averill et al., 2006) . Veerkamp et al. (2001) showed that the RR model is relatively robust to censoring. Random regression model is being used for a routine genetic evaluation for survival in Belgian dairy cattle (Gengler et al., 2005) . Jamrozik et al. (2008) compared PH, MT, and linear RR models for genetic evaluation of dairy cattle for functional survival (time of culling in the interval from 1 to 100 mo after the first calving) using simulation. The most accurate (in terms of correlation between the true and estimated breeding value) was the PH model with the Weibull hazard function followed by the RR model evaluations. Predictive ability of the model (measured by correlation between estimated breeding value and the percentage of sire daughters that survived to certain age after the first calving) was the greatest for the RR model. Sire model is usually used for the PH analyses whereas RR models for survival can easily accommodate animal model specification. Therefore, the RR model seems to be the natural candidate for modeling stayability traits in beef cattle.
The Canadian Simmental Association has been collecting calving performance data from the early 1970s. The Total Herd Reporting System providing culling information on cows has been in place from 2000. These 2 sources of data can easily be used to create stayability phenotypes for the population. The objective of this study was to estimate genetic parameters for stayability to consecutive calvings for Canadian Simmentals using RR models.
MATERIAL AND METHODS
Animal Care and Use Committee approval was not obtained for this study because analyses were performed on existing data obtained under standard farm management from commercial breeders.
Data
Calving performance data (1,039,602 records) were provided by Canadian Simmental Association. Initial edits included removing records with missing sire, dam, or herd identification, records originated from embryo transfer (ET), and calving year before 1975 or after 2010. Multiple births were considered a single calving event.
This resulted in 908,020 calving events for further edits. Pedigree data (after edits) comprised 1,208,893 records. Culling information on cows in the calving performance data, including the date of the removal of the cow from the herd, was available on 17,346 cows born after 1998. There were 296,311 dams represented in the calving data. Removing the data with incorrect dates for the first calving and selecting dams with the age for their first calving not greater than 30 mo (corresponding to the heifer calving) gave 646,064 calving cases on 193,591 cows. Herd of birth for a cow was found in the performance data for 163,073 of those cows; for the remaining cows it was assumed to be the same herd as that of her progeny from her first calving. Distribution of number of calving records by cow is in Table 1 . The category cows calving only once was assigned to almost 40% of all cows; 4% of the cows had more than 8 calves. Calving records for the eighth and later parturitions were deleted because of the small number of data for these events.
Stayability to calving was selected as a measure of longevity of an animal. Each cow was assigned up to 7 binary records (S2, S3, …, S8) corresponding to stayability to second, third, and up to the eighth calving, given that she calved as a 2 yr old. Phenotypes for a given calving event were 1 (cow calved and she was still present in the herd) or 0 (no calving record, meaning that she was culled before that particular calving). Stayability records were generated by merging calving and culling data. The detailed algorithm is presented in the Appendix.
The final stayability data file included 1,164,319 binary records on 188,579 cows. Distribution of longitudinal records by cows is in Table 2 . More than 62% cows had all 7 stayability records. Number of cows increased with a degree of completeness for a stayability history. Average phenotypic stayability curve for all cows is plotted in Fig. 1 . Almost 70% of cows that calved as heifers stayed in the herd until their second calving. Proportion of culled cows increased with the calving number: from 37% for S3 to 87% for S8.
Models
Random regression linear and threshold animal models were fitted to the stayability binary data. The linear model was in which y ijkmt was the stayability observation (S2, …, S8) on cow m for calving t, YS it was fixed effect of year of birth by season of birth for calving t, age jt was fixed effect of age at first calving class for calving t, β ikn were random regression coefficients specific to kth contemporary group (CG) defined as herd within ith year by season, α mn were random additive genetic coefficients specific to cow m, ρ mn were random permanent environmental (PE) coefficients specific for cow m, e ijkmt was the random residual effect for each observation, and z nt were covariates. Average trajectory was modeled with 2 fixed effects defined by points on the longitudinal scale. Orthogonal Legendre polynomials of the same order (p) were used for all random regressions. Keeping the same order of polynomials gives all random effects the same opportunity to explore the space of curves (i.e., deviation from the mean). This is also a consequence of possible equivalent RR model parameterization in terms of hierarchical Bayesian model (Jamrozik et al., 2001) . Modeling longitudinal data in a hierarchical way allows for estimation of genetic parameters for time-independent characteristics (i.e., regression curve coefficients).
Censored records were treated as missing data in the model. Six classes for season of birth were defined by month of the year, with May to August and September to December merged together. Year of birth by season of birth (YS) classes had 210 levels, with year < 1973 (>2007) assigned to 1973 (2007) class. Age of cow at the first calving had 7 levels-fewer than 21, 21, 22, …, 25, more than 25 moand the CG effect comprised 72,986 levels. The pedigree file (5 generations back) included 282,775 animals.
In matrix notation the model can be written as
in which y was a vector of observations, b was a vector of fixed effects, β was a vector of CG effects, α was a vector of animal additive effects, ρ was a vector of cow PE effects, e was a vector of residuals, and X, U, Z, and W denoted respective incidence matrices. Conditional distribution of the data (sorted by calving number) was assumed to be
with R = This meant that separate residual variances were allowed for different stayability traits.
For the threshold model, the linear parameterization on the underlying continuous scale with a single threshold (set to 0) was the same as for the linear model.
Methods
Bayesian methods with Gibbs sampling were used for fitting 5 linear and 5 threshold models that differed in the regression order for random effects. The specific models were fixed regression model (order 0) and 4 models with the order of random regressions ranged from 1 to 4.
Prior distributions for the parameters on the observed scale (linear models) or underlying scale (threshold models) were β|C ~ N(0, IÄC), in which C is the covariance matrix for the CG effect, α|G ~ N(0, AÄG), in which A is an additive genetic relationship matrix between individuals and G is the additive genetic covariance matrix between elements of α, ρ|P ~ N(0, IÄP), in which P is the covariance matrix for the PE effect, 0, pI] , with p = 10,000 for all levels of all fixed effects,
, and
in which ν k and s 2 k are parameters of independent inverted scaled χ 2 distributions (SIC), ν c (ν a , ν p ) and C 0 (G 0, P 0 ) are hyperparameters of the inverted Wishart distributions (IW). Number of prior degrees of freedom was p + 1 for inverted Wishart distributions and 3 for inverted χ 2 distributions. Scale parameters for inverted Wishart were uncorrelated; prior values were equal to 0.01 and 0.0 for all variances and covariances, respectively. Residual variances on the underlying scale in threshold models were set to 1.
All conditional distributions were of a closed form and Gibbs sampling scheme followed standard procedures for Gaussian linear or threshold models. Sampling was performed for 250,000 iterations where 50,000 constituted burn-in for each model. Convergence was monitored by visual inspection of trace plots for selected covariance components. Numbers of independent samples for covariance components were estimated using the method of initial monotone sequence estimator (Geyer, 1992) . Models were formally compared by Bayes factors (BF) defined as in Kass and Raftery (1995) . Suppose that 2 models (M 0 and M 1 ) with parameters θ k are compared. Then the BF to contrast model M 0 against model Models were also compared by a mean square error statistic on the observable scale (MSE) and correlation (R) between observed and predicted binary data. The MSE was calculated as
In which y i is the ith observation (0 or 1), y * i is a predicted value of the ith data point, and n is the total number of observations. Predicted observations were y * i = m′ i θ * for the linear models and y * i = Φ(m′ i θ * ) for the threshold model, in which Φ(.) was the cumulative standard normal distribution function, m′ i was a vector of the matrix M of incidences of fixed and random effects, and θ * was a vector of posterior means of model parameters.
Estimates of covariance components for regression coefficients, genetic parameters (heritability, genetic, and environmental correlations) of those, and genetic parameters for selected traits expressed on the longitudinal scale were obtained as posterior means of 200,000 samples after burn-in. Heritability for a regression coefficient was calculated as a ratio of genetic variance over the sum of genetic, CG, and PE variances for a respective component, using hierarchical RR model parameterization (Jamrozik et al., 2001 ). The total variance for stayability on a longitudinal scale included also a residual component. Longitudinal scale covariance components were generated using standard formulae for variances of linear functions of regression coefficients (Jamrozik and Schaeffer, 1997) . Posterior SD were also estimated for all parameters.
Principal component analyses were conducted to explore patterns of variation due to regressions. Correlated random effects (e.g., regression coefficients for genetic effects) were transformed to the set (same number) of uncorrelated variables (principal components) with the same total variance. Partial variances for principal components corresponded to eigenvalues. Eigenfunctions were the new covariates (replacing Legendre polynomials) for principal components.
RESULTS
The most plausible linear parameterization in terms of BF was the RR model of order 3. Marginal likelihoods for linear models (Table 3) increased, in general, with the increasing order of regressions; the model of order 4, however, showed poorer performance compared with the model of order 3. Estimates of MSE (R) for linear models decreased (increased) with increasing order of regressions. For binary RR models, BF favored the fixed regression model. Adding greater level of regressions on the underlying scale resulted in poorer fitting properties. Estimates of MSE and R did not differ a lot among different binary RR models. Marginal likelihoods cannot be used for a direct comparison of linear and binary models because of different distributions. Goodness of fit measured by MSE and R combined with Bayesian model ranking within class of the model strongly indicated, however, that the best model to describe longitudinal binary stayability data in Canadian Simmentals was the linear RR model of order 3. All subsequent results, therefore, will be presented in details for the best fitting linear model (order 3 with 4 regression coefficients). Estimates from the best fitting binary model will be provided for comparison purposes.
Linear Model
Effective sample size for the best fitting linear model ranged from 112 to 327 for additive genetic covariances, from 371 to 2,587 for CG covariances, from 225 to 1,166 for PE covariances, and from 95 to 58,707 for residual variances. The smallest effective sample size for the residual variance corresponded to the latest point on the longitudinal scale (S8). Estimates of heritability for regression coefficients (Table 4) were of the moderate magnitude and decreased with the order of coefficient: from 0.24 for the intercept to 0.06 for the cubic term. Regression coefficients were mostly negatively and moderately correlated for genetic and PE effects (Table 4) . Correlation among regression coefficients for the CG effect followed in general pattern of the correlations for the genetic regressions (results not shown).
Estimates of eigenvalues for additive genetic, CG, and PE covariance matrices are in Table 5 . The first 2 eigenvalues dominated for all effects, indicating that more than 95% of the variation in stayability to calvings can be explained by the 2 leading principal components for random effects of the model. Plots of eigenfunctions corresponding to these components are in Fig. 2 to 4 for genetic, CG, and PE effects, respectively. The leading eigenfunctions for all effects had the same sign for all points on the trajectory. This means that selection for the first principal component at any time in the lifetime of the animal would act in the same direction for all other points on the time scale (traits from S2 to S8). The same applies to the impact of the birth environment of the cow and her PE effect. The first eigenfunctions of genetic and CG effect slightly decreased in time, showing the diminishing value of genetic and environmental first principal components of stayability along the time scale. The leading eigenfunction for the PE effect exhibited a different trend, with the parabolic shape reaching the maximal value around the fifth calving (S5). The second eigenfunctions changed sign around 4 or 5 calvings. This indicates that selection based on the second principal component for stayability would act in opposite directions in early and later stages of the life of an animal. The impact of the second principal genetic and CG component decreased at the end of trajectory. Both 2 leading eigenfunction for the PE effect showed slightly more variable behavior compared with genetic and CG effects.
Estimates of variance components for stayability to different calvings are in Fig. 5 . Phenotypic and PE variance curves showed parabolic shapes with a maximum at S3 and S5, respectively. Genetic variance decreased with time in a linear manner. The same trend was for CG variance, except for the interval from S2 to S4 where it was relatively constant. Residual variance increased from S2 to S3 and decrease linearly afterward. Figure 6 shows relative contribution of various random factors of the model to the total variance of stayability to calving on the longitudinal scale. The largest contribution was due to the PE effects, with an increasing impact (from 40 to 80%) along the time scale followed by genetic (from 38 to 12%) and CG (from 19 to 9%) components. Both genetic and CG relative Heritabilities of stayability to different calvings are in Table 6 . The decreasing trend in heritabilities is evident; S2 had the largest value of heritability (0.38). Stayability to the last calving (S8) still showed a reasonable level of heritability (0.12). Estimates of repeatability were high, from 0.64 to 0.91, with an increasing trend from S3 upward (results not shown).
Estimates of phenotypic and genetic correlations among different stayability to calving traits are in Table  6 . All correlations were positive, with values ranging from 0.31 to 0.97 and from 0.61 to 0.99 for phenotypes and the genetic effect, respectively. This indicated, in general, that stayabilities to different calvings are different traits from both phenotypic and genetic perspective. The magnitude of correlations decreased with the increasing distance between calving events on the longitudinal scale. Thus, the closer 2 specific calvings are in time, the more similar stayability to these 2 events becomes. Stayability to second calving (S2) would still, however, be a relatively good indicator of stayability to later calvings: genetic correlation between S2 and S8 was equal to 0.61. Estimates of correlations among CG (PE) effects for different stayability traits are in Table 7 . They exhibited, in general, similar patterns as phenotypic and genetic correlation. The level of correlations for the extreme stayability traits (S2 and S8) was the largest for the genetic effect followed by CG (0.38) and PE (0.17) effects.
Genetic correlation among the first 2 regression coefficients and stayability traits are in Table 8 . The intercept of the regression curve correlated relatively Figure 5 . Genetic, phenotypic, contemporary group (CG), permanent environments (PE), and residual variances for stayability to consecutive calvings. See online version for figure in color. Table 6 . Heritabilities (boldfaced, on the diagonal) and genetic (above diagonal) and phenotypic (below diagonal) correlations for stayabilities to consecutive calvings (posterior SD are in brackets) well with stayabilities for different calvings, from 0.99 for S4 and S5 to 0.86 for S6. This might indicate that this coefficient can be used as a sole criterion in selection for stayability to any calving. The value of the second coefficient is less obvious due to small absolute values of correlations with stayability traits and a smaller impact of this parameter on the overall stayability.
Threshold Model
Effective sample sizes for the best fitting threshold mode were 205, 1,078, and 543 for genetic, CG, and PE variances, respectively. Estimates of variances on the underlying scale were 0.73 (SD = 0.016) for genetic, 0.29 (SD = 0.008) for CG, and 1.10 (SD = 0.012) for PE components. These gave an estimate of heritability of the intercept of regression line on the second level of hierarchical RR model parameterization of 0.35 (SD = 0.007). All variances were constant along the longitudinal trajectory under the fixed regression model. The largest proportion of the total variance on the underlying scale was due to the PE effect (35.4% with SD = 0.42) followed by residual (32.0% with SD = 0.11), genetic (23.5% with SD = 0.49), and CG (9.1% with SD = 0.24). The estimate of heritability for stayability to consecutive calvings on the underlying liability scale was equal to 0.24 (SD = 0.005), having the same value for all longitudinal points.
DISCUSSION
Calving performance data and information on dates of culling were useful for defining the length of time that Canadian Simmental cows stayed in the herd. Stayability to calving is influenced mostly by reproductive characteristics of animals; therefore, it can also be used as selection indicator of fertility (Van Melis et al., 2007) . It is also a characteristic of the management of an animal and reflects the level of voluntary culling in the herd. Decisions on removal of a cow from the herd may involve several reasons; not all of them are usually reported in the culling data. Simmental sires carrying red factor alleles, for example, might have reduced apparent stayability due to an effort for increasing the breed uniformity to black in some instances (Garrick, 2006) . This is unrelated to fertility and productivity and seems to be not easy to account for in the model. Stayability traits are mostly influenced by a broad sense environment, as supported by high estimates of variance components of nongenetic factors in this study. Additive genetic component, however, has also a substantial contribution to variability of these traits. Estimates of heritability for stayability to calving in Canadian Simmentals had moderate values that would indicate a scope for efficient selection. They are also comparable with estimates from other research. Stayability defined as probability that a Hereford cow had a calf reported at age 6 yr or later had heritability between 0.24 and 0.28 from different linear models and from 0.39 to 0.47 from corresponding threshold models (Williams, 2002) . Martinez et al. (2005) reported heritability for stayability to calvings (from second to sixth in Hereford cows) between 0.29 and 0.39 and from 0.18 to 0.25 from threshold and linear models, respectively. Estimates of Van Melis et al. (2007) for stayability to calving at age from 5 to 7 yr ranged from 0.22 to 0.28. Brigham et al. (2007) gave across breed heritabilities for stayability to age of 3, 4, 5, and 6 yr between 0.16 and 0.18 from the threshold sire model. Stayabilities to age from 4 to 8 yr of South African Angus cattle were from 0.24 to 0.30 from a sire threshold model (Maiwashe et al., 2009) . Silva et al. (2003) presented heritabilities for similar traits in Nelore cows between 0.12 and 0.17. Estimates of Snelling et al. (1995) for stayability to having 2, 5, 8, and 11 calves in Angus cattle were slightly lower, ranging between 0.02 and 0.20. Van der Westhuizen et al. (2001) provided even smaller estimates of stayability to ages between 36 and 84 mo for multibreed composite cattle: from 0.03 to 0.10.
All of the studies mentioned above used singletrait models; therefore, proper estimation of genetic relationships among different stayability traits was not possible. Several authors, however, attempted to quantify genetic correlations through correlations among sire EPD. Reported estimates were in general low: from 0.18 to 0.47 (Brigham et al., 2007) and up to 0.22 (Van der Westhuizen et al., 2001) . Correlation among EPD of sires for stayability to different calvings from linear models ranged from 0.68 to 0.90 (Martinez et al., 2005) . Our estimates of genetic correlation among stayabilities to different calvings from the best fitting model indicated strongly that these traits are genetically not the same. The most distant in time traits (S2 and S8) had a genetic correlation as low as 0.61. This, on the other hand, would definitively suggest that stayability to second calving could be used as an indicator for Martinez et al. (2005) . The definition of stayability in their study was based on the number of calves born to each cow. Five age-specific binary traits were defined whether a cow had 2, 3, 4, 5 or 6 calves, given that she calved for the first time as a 2 yr old. Each measure of stayability was considered as a different trait and analyzed with a single-trait model. Our definition of stayability traits is conceptually not the same as in Martinez et al. (2005) . Stayability to consecutive calving as applied in the current research is a longitudinal trait on the time scale generated by a parity number. One calving per cow in a calendar year, which is equivalent to the target value of average calving interval equal to or smaller than 365 d, was the underlying assumption for our expression of stayability. Linear animal RR model was the model that gave the best fit to the binary data in the current study and it was a novel application of this methodology to stayability traits in beef cattle. Benefits of using RR model for herdlife related traits have been documented by Jamrozik et al. (2008) . Veerkamp et al. (2001) emphasized the ability of RR linear models to combine some of the advantages of MT and PH models. Those included the ability to include censored data, to fit an optimal number of parameters covering the whole lifespan of the animal, the ability to include time-dependent fixed effects in the model, the ease of combining information from other predictors (i.e., fertility) as correlated traits in the model, and the possibility of fitting an animal model to the large data sets. The same authors described formal links between RR model with PH and generalized linear model (i.e., threshold model for binary data). One of benefits of RR model is an ability of generating estimated breeding values for animals for any point on the trajectory. Survival to a particular calving or even more complicated function (e.g., difference between survival for any 2 time points) could be used as a more innovative selection criterion.
There is also a possibility of applying MT model for the current stayability traits (S2 to S8) of Canadian Simmentals. This model would not be greatly over parameterized in comparison with the RR model with regressions of order 3 (7 versus 4 parameters for each level of random factors). The longitudinal scale could potentially include calvings greater than 8, which would make RR more favorable. This, however, was not attempted in this study due to limited data.
Random regression model on a liability scale for binary responses can also be used for analysis of stayability data, as documented by this research. This would conceptually constitute more appropriate modeling for 0 or 1 data (Gianola and Foulley, 1983) , but potential practical benefits (i.e., ranking of animals for selection purposes) are less obvious. Several studies on comparison between threshold and linear models for reproductive traits documented small differences for field data (i.e., Olsen et al., 1994; Matos et al., 1997) . Holtsmark et al. (2009) showed that the linear MT model for survival in the first 3 lactations in dairy cattle gave more accurate predicted sire breeding value compared with the Weibull PH model, even if the latter model included lactations up to the sixth. This was also supported by Jamrozik et al. (2008) 
